Introduction
The investigation of the factors and functions involved in elonigation and expansion ulnder reduced light intenisity has been conitiniued with the special purpose of relating these to structural modifications as well as to growth forms. The ultimate objectives in these studies are to measure in terms of adaptation the climates and edaphic habitats characteristic of the various transplant gardens and to permit interpreting the functional responses of natives not susceptible of phytometer treatment. At the same time, opportunity was takeni to increase the number of light values to six, in order to simulate the whole range of natural habitats, as well as the control conditions in the lath-houses. In additioni, an inquiry was made into the effect of size of container, and a battery of free plhytometers was installed in the soil under each light intensity in order to integrate all the direct factors of the six eces.
Methods
The several light values were secured by means of lath-huts 6 ft. high alnd 8 x 12 in section. These were constructed of standard plaster lath II x i inches in section, which were so spaced as to produce approximately the five intensities desired. The relative spacing and light values were as follows: (1) spacing 43 in., intensity 65 per cent. of full sunshine; (2) spacing 1-in., intensity 44 per cent.; (3) 1 in. apart, 27 per cenit.; (4) X in. apart, 19 per cent.; (5) it,; in. apart, 11 per cent. These values were approximately the same as in the large lath-houses used for producing adaptations, but the lowest of these had a rating of but 6 per cent., thus yielding six conditions beside full sunshine. Each hut was provided with a door of the same construction and after serious experience with on-shore wiinds, was firmly anchored at the four corners. Provision was also made for raising the huts several feet to accommodate height growth in the higher intensities. To facilitate weighing the exceptionally large number of phytometers, a hut 12 ft. tall and 6 ft. in cross section was built nearby and this served also for photographic purposes.
A stopwatch photometer was employed to measure intensities, anid readings were taken hourly in the sun and in each hut for representative days during the growing season. For the exposure, the photometer was carried 687,,
CLE-MENTS AND LONG: ENLARGEMENT IN-HELIAN'THUS
At the outset, the phytometers were weighed at weekly intervals; but as they grew larger, weighing necessarily became more frequent, first daily and finally three times a day. The amount of water lost was replaced after each weighing in order to maintain the holard as nearly uniform as possible. For this purpose, a 500-cc. burette was employed, the water being delivered to the plant through a tube reaching into the lower part of the container. To avoid any possibility of harmful accumulation of salts from the hard water of the locality, rain water was utilized throughout the series. Measurements of stem height and diameter and of leaf dimenisions were taken on the same day and in the same order each week, thus yielding a cumulative record of growth for the entire period. In spite of the fact that the 14 per cent. holard was but 2 to 3 per cent. above the echard for the soil and that the 35 per cent. was practically at the limit for adequate aeration, frequent watering and rate of loss so nearly balanced each other that the tendency toward wilting or an aeration deficit was rarely in evidence. The generally uniform distribution of the water in the soil is reflected in the root systems, which were well distributed and not compacted about the inner surface of the can ( fig. 1 ).
Function and growth responses Two seasonal installations were employed in this investigation. The fall-winter series was planted October 16, the phytometers distributed to the lath-huts October 30, and the experiment terminated February 11, 1935. The spring series was begun February 28; all cotyledons were expanded by March 8, at which time the various holards were standardized. These batteries were placed in the several situations on March 21 and the final results were secured on June 4. The period of growth for the first series was 119; for the second, 97 days. In both cases the plan had been to follow the course of development to flowering and fruiting, but a heavy gale flattened the lath-huts and abruptly terminated the fall series, destroying the leaves but injuring the heads only slightly. While the spring series suffered no such mishap, the weather conditions of a marine climate and the behavior of such a warm-temperate species as the sunflower precluded maintaining the series until all heads were mature.
The interval between the time of flowering in the sun and in the lowest light intensity was so long that plants in the higher light values lost onethird or more of their leaves. Thus, the average number of leaves produced in the sun and 35 per cent. holard was 37.7 per plant, while by the end an average of but 27 leaves remained, the lower 10 having dried and disintegrated. In 44 per cent. light, the average loss was less, viz., 7 out of 39; in 19 per cent. 3 in 27; and in 11 per cent. 1 out of 22. This inevitably led to a cumulative discrepancy in the photosynthesis and transpiration of fig. 1) . In all cases but in the sun, the weight of the flower heads was greatest in 18 per cent. holard, with 14 per cent. second; while the averages for the five lath-huts fell from 7.3 gm. for 65 per cent. through 5.4, 0.59, 0.24, to 0.018 for the lowest light value. However, owing to the vicissitudes mentioned earlier, these figures are largely provisional ( fig. 3 ).
The course of growth in stem height and leaf area, in other words the narch of elongation and expansion, is shown graphically in figures 4 and 5 for the spring series which ended June 4. Since there were 24 variables involved, only a few of the curves could be shown and hence those for holards of 14 and 26 per cent. and light of 11, 44, and 100 per cent. were selected as representative of the entire series. The curve for stem height shows that little differentiation took place during the first two weeks, but by the end of the third week the plants in 44 per cent. light and 26 per cent. holard were one-fourth taller than the others and held this lead to the close of the experiment. At the two extremes of sun and 11 per cent. light the plants did not begin to diverge until the fifth week, when stems in the sun drew away from those in the shade. Leaves likewise exhibited little differentiation during the first two weeks, but a week later the plants with higher holard and light had acquired about twice the leaf area of the others. Expansion continued at much the same rate until the sixth week, when it became definitely greater for the 44 weighed, and were but six in number, all placed in the sun. The three sizes of containers amounted to 348 in number, of which 148 belonged to the large phytometer, there being 24 in each light intensity and 6 in each holard. A measured amount of water was given each day, after they had attained a certain size, to the free phytometers in the soil under the six light conditions, and the garbage cans were treated in the same manner. This amounted to giving both sets practically all the water they could use; this fact probably has some bearing upon their slower growth at first when aeration may well have been a factor, as well as upon their much more rapid growth later.
As a consequence, no strict comparison can be made between the growth of these plants and those in the standard containers. They do confirm the experience derived from many phytometer series through two decades to the effect that number and size of container must always be balanced against each other. With 24 sets of conditions, as in the 9 series that have dealt with elongation and expansion, phytometers of 15 kilos. constitute the practicable maximum for a number of 200 or more that will require weighing two to three times daily before the experiment is completed. On the other hand, such a capacity sets a definite limit to growth in the better conditions of light and holard, and phytometers of this size have a dependable life period of but two to three months. By contrast, the garbage-can type of the larger sizes permits carrying such large plants as sunflower and corn through to maturity, but as phytometers to measure a considerable range of conditions, especially in nature, they demand a staff and equipment all but impossible to realize.
A comparison of the growth in the three sizes of. phytometer cans at the end of the first three weeks gave a stem height respectively 35 and 40 per cent. greater in the medium and large containers than in the small ones. Likewise, the stem diameter was 21 and 35 per cent. and the number of leaves 40 and 50 per cent. greater, while the leaf area was 133 per cent. more for the medium cans and 52 per cent. more for the large ones. The small phytometers were dismantled at this time as they were evidently reaching the limit of container capacity, and the medium ones were discontinued on May 1 for the same reason. At this time the individuals of the large set were 11 per cent. taller and of the free series 9 per cent. shorter than those in the medium containers and the garbage cans, but in contrast the diameter of the stem was 19 and 14 per cent. more in the large and garbage cans than for the medium and free phytometers. The average number of leaves was 21 for the three sets, but only 14.6 for the free phytometers, in which the leaf area was 24 per cent. less than for the medium cans, while it was 2-4 per cent. greater in the other two. From this time the plants in the garbage cans began to forge ahead and the free phytom-eters to grow more rapidly than those in the large cans. At the end of the experiment on June 4, the relative values were as follows for the large, free, and garbage-can phytometers: stem height 100, 116, 136; stem diameter 100, 131, 167; number of leaves 100, 128, 149; leaf area 100, 237, 429.
The remaining three sets were taken off to permit determining wet and dry weights at the end of 12 weeks, with the results shown in table III. For both wet and dry weights, the values for the garbage-can controls were approximately twice as high as for the free phytometers, and for these about twice as great as for the large phytometers, in the case of sun conditions. Both of the latter fall off consistently in weight with decreasing light intensity, and most rapidly in the lower intensities. The large cans begin to exceed the free plants at 27 per cent. light and both wet and dry weights are more than three times greater in 11 per cent. The cause of this reversal in behavior requires further investigation, as does also the striking difference in the three sets in the sun. This bespeaks better conditions in the larger soil masses, partly to be explained by the generous watering, and the drop in the free phytometers is most plausibly explained by the effect of this upon air content in the three lower light values.
Structural modifications
In addition to the striking responses in growth and form of stem, leaf, and roots, corresponding or compensating adaptations occurred in the intimate structure of these organs. These were especially exhibited by the stomata, as seen in tables IV and V.
The epidermis was stripped from the leaf and immediately placed in absolute alcohol in accordance with the usual technique, a median leaf being selected in each of the 24 sets. The strips were taken from the proximate 652 an effort has been made to express them in quantities also, as shown in table VII. The primary bundle of the midrib naturally persists throughout the several conditions, but the secondary strands reflect decreasing light intensity with much accuracy, while the tertiary ones are less consistent, owing in part to the splitting of secondary strands. The adaptation of the fibrovascular system to lessened need for conduction and support with decreasing light intensity is much more evident in the values for cross section areas. For the midrib itself, the area in sun is 30 times greater than in 11 per cent. light, the intermediate figures being entirely consistent. The reduction in the vascular system is twice as great, the total area of the strands being 60 times as much in the sun as in the lowest light intensity, while the sequence of decrease is essentially consistent for total strands, as well as for primary and secondary ones.
The reduction of the number of strands is less consistent for the stem than for the midrib, but the decrease in areas is of the same character, fol- 
